Six new (1-6) and one known (7) oleanane glycosides have been isolated from the roots of Gomphrena macrocephala. On the basis of 1D-and 2D-NMR spectroscopic data and the results of hydrolysis, the structures of 1-6 were determined to be 3β- (6), respectively. Although 1-7 did not show apparent cytotoxicity against human oral squamous cell carcinoma (HSC-2) cells and normal human pulp cells (HPC), the aglycones 1a and 3a of 1 and 3 exhibited tumor-specific cytotoxicity against HSC-2 cells, and the IC 50 value of 3a against HSC-2 cells was almost equal to that of etoposide, used as a positive control.
An 80% EtOH extract of the roots of G. macrocephala was suspended in H 2 O and then partitioned successively with EtOAc and n-BuOH. The n-BuOH-soluble fraction was repeatedly subjected to column chromatography over silica gel, octadecylsilanized (ODS) silica gel, and Sephadex LH-20, as well as to preparative HPLC, to give six new (1) (2) (3) (4) (5) (6) and one known oleanane glycosides (7) . The known compound 7 was identified as 3β-[(O-β-D-glucuronopyranosyl)oxy]-olean-12-en-28-oic acid β-D-glucopyranosyl ester (chikusetsusaponin IVa) from its physical and spectral data [3] . 6 .44 (dd, J = 10.6, 2.5 Hz) and 5.70 (d, J = 10. 6 Hz)], and one anomeric proton at δ 5.09 (d, J = 7.7 Hz). Enzymatic hydrolysis of 1 with β-glucuronidase gave a known triterpenoid, identified as 3β-hydroxyoleana-11,13-dien-28-oic acid (1a) [4] , and D-glucuronic acid. D-Glucuronic acid was identified, and its absolute configuration determined, by direct HPLC analysis of the hydrolysate, which was performed on an ionexclusion column of sulfonated polystyrene with isocratic elution in 5 mM H 2 SO 4 , with detection being carried out through the use of a combination of refractive index (RI) and optical rotation (OR) detectors. The linkage position of D-glucuronic acid was shown to be at C-3 of the aglycone by detecting a correlation from the anomeric proton at δ 5.09 to the C-3 carbon at δ 89.0 in the HMBC spectrum. From the above evidence, the structure of 1 was elucidated as 3β-[(O-β-D-glucuronopyranosyl)oxy]-oleana-11,13-dien-28-oic acid. 13 C NMR spectrum of 2 with that of 1, the signals due to C-2 and C-3 of the glucuronoyl moiety were displaced downfield by 2.4 and 7.5 ppm and were observed at δ 78.0 and 85.7, respectively. This suggested that the C-2 and C-3 hydroxy groups of the glucuronoyl moiety were the positions at which the additional D-glucose and D-galactose units were linked. In the HMBC spectrum, the anomeric proton signals at δ 5.69 (H-1 of glucosyl), 5.40 (H-1 of galactosyl), and 4.99 (H-1 of glucuronoyl) exhibited correlations with the carbon signals at δ 78.0 (C-2 of glucuronic acid), 85.7 (C-3 of the glucuronic acid), and 90.7 (C-3 of aglycone), respectively. Accordingly, the structure of 2 was elucidated as 3β-
Compound 3 was obtained as an amorphous powder, and its molecular formula was determined to be Enzymatic hydrolysis of 3 with naringinase gave a known triterpenoid, identified as 3β-hydroxyoleana-9,12-dien-28-oic acid (3a) [5] . The C-3 oxymethine carbon and C-28 carbonyl carbon were observed at δ 88.2 and 176.5, respectively, in the 13 C NMR spectrum of 3, which suggested that 3 was a bisdesmosidic oleanane glycoside. In the HMBC spectrum, the anomeric proton signals at . Enzymatic hydrolysis of 4 gave 3a. Analysis of the 13 C NMR spectrum of 4 and comparison with those of 2 and 3 revealed that the triglycoside structure attached at C-3 was the same as that of 3 and that a glucosyl group was linked to C-28 of the aglycone. Thus, the structure of 4 was elucidated as 3β-
Compound 5 was obtained as an amorphous solid, and its molecular formula was derived as C 54 H 84 O 25 from the data of the HRMS-ESITOF, showing an [6] . The 1 H and 13 C NMR spectra of the sugar moieties were very similar to the data previously determined for 4, and the sugar arrangement was, consequently, the same for both saponins. Thus, the structure of 5 was established as 13 C NMR spectra of 6 with those of 5 showed their considerable structural similarities. However, the molecular formula of 6 had two additional hydrogen atoms and the C-11 carbonyl carbon signal was not observed in the 13 C NMR spectrum of 6. In the HMBC spectrum of 6, a correlation between a hydroxymethine proton at δ 4.45 assignable to H-11 and δ 146.1 due to C-13 was noted. Thus, it was revealed that 6 differed from 5 in having a hydroxy group at C-11 instead of a carbonyl group. The key NOE correlations from H-11 to Me-25 (δ 0.97) and Me-26 (δ 1.11) indicated that the C-11 hydroxy group was α-orientated. The structure of 6 was established as 3β-
The isolated compounds (1-7) and their aglycones (1a, 3a, and 5a) were evaluated for their cytotoxic activities against HSC-2 tumor cells and HPC cells. Although 1-7 did not show apparent cytotoxicity against HSC-2 tumor cells and HPC, 1a and 3a exhibited tumor-specific cytotoxicity against HSC-2 cells, and the IC 50 value of 3a (25 μM) against HSC-2 cells was almost equal to that of etoposide (24 μM), used as a positive control.
Experimental
General experimental procedures: Optical rotations were measured using a JASCO DIP-360 (Tokyo, Japan) automatic digital polarimeter. IR spectra were recorded on a JASCO FT-IR 620 spectrophotometer. NMR spectra were recorded on a Bruker DRX-500 spectrometer (500 MHz for 1 H NMR, Karlsruhe, Germany) using standard Bruker pulse programs. Chemical shifts are given as δ-values with reference to tetramethylsilane (TMS) as an internal standard. ESIMS data were obtained on a Micromass LCT mass spectrometer (Manchester, U.K.). Diaion HP-20 (Mitsubishi-Chemical, Tokyo, Japan), silica gel (Fuji-Silysia Chemical, Aichi, Japan), and ODS silica gel (Nacalai Tesque, Kyoto, Japan) were used for column chromatography. TLC was carried out on precoated Kieselgel 60 F 254 (0.25 mm, Merck, Darmstadt, Germany) and RP-18 F 254 S (0.25 mm thick, Merck) plates, and spots were visualized by spraying with 10% H 2 SO 4 , followed by heating. HPLC was performed by using a system comprised of a CCPM pump (Tosoh, Tokyo, Japan), a CCP PX-8010 controller (Tosoh), either an RI-8010 detector (Tosoh) or a Shodex OR-2 detector (ShowaDenko, Tokyo, Japan), and a Rheodyne injection port. A Capcell Pak C 18 column (10 mm i.d. x 250 mm, 5 μm, Shiseido, Tokyo, Japan) was used for preparative HPLC. The following reagents were obtained from the indicated companies: Dulbecco's modified Eagle medium (DMEM) (Gibco, Grand Island, NY); fetal bovine serum (FBS) (JRH Biosciences, Lenexa, KS); penicillin and streptomycin sulfate (Meiji-Seika, Tokyo, Japan), and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) (Sigma, St. Louis, MO). All other chemicals used were of biochemical reagent grade. 
Extraction and isolation:
The plant material (dry weight, 4.0 kg) was extracted with 80% EtOH at room temperature for 30 days. Enzymatic hydrolysis of 1: Compound 1 (10.3 mg) was treated with β-glucuronidase (Sigma, EC 32131) (9.5 mg) in a phosphate buffer (pH 6.9, 2.5 mL) at room temperature for 48 h. The reaction mixture was passed through a Sep-Pak C18 cartridge (Waters, Milford, MA) eluted with 30% MeOH followed by MeOH. Column chromatography of the MeOH eluate portion on silica gel eluted with CHCl 3 -MeOH (9:1) gave 1a (4.6 mg). The 30% MeOH eluate was passed through a Sephadex LH-20 column using MeOH to yield a sugar fraction (1.6 mg), which was analyzed by HPLC under the following conditions: column, Aminex HPX-87H ( 
Enzymatic hydrolysis of 3:
Compound 3 (20.7 mg) was subjected to enzymatic hydrolysis using naringinase (41.5 mg) in an HOAc/KOAc buffer (pH 4.3, 9.0 mL) at room temperature for 216 h. The reaction mixture was passed through a Diaion HP-20 column eluted with 30% MeOH followed by MeOH. The MeOH eluate fraction was purified by silica gel column chromatography eluted with CHCl 3 -MeOH (9:1) and ODS silica gel column chromatography with MeOH-H 2 O (9:1) to yield 3a (3.2 mg).
Acid hydrolysis of 3:
A solution of 3 (4.3 mg) was subjected to acid hydrolysis as described for 2 to give a sugar fraction (1.4 mg) and an aglycone fraction (1.7 mg 
Enzymatic hydrolysis of 5:
Compound 5 (20.2 mg) was subjected to enzymatic hydrolysis using naringinase (40.2 mg) in an HOAc/KOAc buffer (pH 4.3, 9.0 mL) at room temperature for 312 h. The reaction mixture was passed through a Diaion HP-20 column eluted with 30% MeOH followed by MeOH. The MeOH eluate was purified by silica gel column chromatography eluted with hexane-Me 2 CO (4:1) to yield 5a (3.9 mg).
Acid hydrolysis of 5:
A solution of 5 (4.8 mg) was subjected to acid hydrolysis, as described for 2, to give a sugar fraction (1.9 mg) and an aglycone fraction (1.5 mg). TLC analysis of the aglycone fraction showed that it contained several unidentified artifactual triterpenoids. HPLC analysis of the sugar fraction under the same conditions as in the case of 1 showed the presence of D-glucuronic acid, D-galactose, and D-glucose. 
Acid hydrolysis of 6:
A solution of 6 (4.8 mg) was subjected to acid hydrolysis, as described for 2, to give a sugar fraction (1.9 mg) and an aglycone fraction (1.7 mg). TLC analysis of the aglycone fraction showed that it contained several unidentified artifactual triterpenoids. HPLC analysis of the sugar fraction, under the same conditions as in the case of 1, showed the presence of D-glucuronic acid, D-galactose, and D-glucose.
Cell culture: HSC-2 cells were provided through the courtesy of Prof. M. Nagumo, Showa University, Tokyo, Japan. HPC were prepared from the pulp explants of first premolars extracted for orthodontic purposes, after obtaining approval from the Institutional Review Board, Meikai University School of Dentistry. HPC were used between the 5th and 10th passages. The cells were cultured in DMEM supplemented with 10% heat-inactivated FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin sulfate in a humidified 5% CO 2 atmosphere.
Assay for cytotoxic activity: Cells were trypsinized and inoculated at 6 x 10 3 to 1.2 x 10 4 per each 96-microwell plate (Falcon, flat bottom, treated polystyrene, Becton Dickinson, San Jose, CA), and incubated for 24 h. After washing once with PBS, they were treated for 24 h either without or with test compounds. They were then washed once with PBS and incubated for 4 h with 0.2 mg/mL MTT in DMEM supplemented with 10% FBS. After the medium was removed, the cells were lysed with 0.1 mL DMSO and the relative viable cell number was determined by measuring the absorbance at 540 nm of the cell lysate, using a Labsystems Multiskan ® (Biochromatic, Helsinki, Finland) connected to a Star/DOT Matrix printer JL-10 [7, 8] . The IC 50 value, which reduces the viable cell number by 50%, was determined from the dose-response curve.
